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(57) Provided is an optical communication
cross-connection device for exchanging an OTN signal
through optical communications, including: a plurality of
OTN signal processing units (OTNsp units) for asynchro-
nously conducting OTN signal processing; and a space
switch connected between the plurality of OTNsp units,
for conducting bidirectional signal exchange for the OTN
signal, in which a first and a second OTNsp units that
conduct signal transmission among the plurality of
OTNsp units subject the OTN signal to skew processing

on one side and deskew processing corresponding to
the skew processing on another side between the first
and second OTNsp units or between a communicating
end-side one of the first and second OTNsp units and a
communicating end-side OTNsp unit of an optical com-
munication cross-connection device of a communication
counterpart destination for the optical communication
cross-connection device, and share a clock for the signal
transmission therebetween.
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Description

Technical Field

[0001] The present invention relates to an optical com-
munication cross-connection device and the like to be
used for optical communications.

Background Art

[0002] In developmental processes of optical net-
works, various signal frames have been standardized in
terms of signal speed. In a synchronous optical net-
work/synchronous digital hierarchy (SONET/SDH) meth-
od disclosed in Non Patent Literature 1, STM(synchro-
nous transport module)-1 for accommodating a 150-Mb-
ps signal has been used as a standard, and subsequent-
ly, STM-4 (600 Mbps), STM-16 (2.4 Gbps), and STM-64
(10 Gbps) signals each corresponding to a transmission
speed increasing four-fold have been used as standards.
The SONET/SDH method is configured so that a payload
area for containing information to be transmitted and a
transmission information header are added to data hav-
ing a fixed frame length. Those signals are mainly ex-
changed as electrical signals, and in that case, signals
at the same hierarchy are exchanged. In that case, in
SONET/SDH, clocks used for data transmission are syn-
chronized among all nodes, to thereby prevent inconsist-
ency in the data speed from occurring between the sig-
nals to be exchanged.
[0003] On the other hand, an optical transport network
(OTN) method disclosed in Non Patent Literature 2 for
adding error correction information in order to improve a
signal-to-noise ratio tolerance in an optical transmission
line has become mainstream in recent years. In FIGS.
9A and 9B, frame structures used in the OTN method
are illustrated. An optical-channel data unit (ODU) frame
is illustrated in FIG. 9A, and an optical-channel transport
unit (OTU) frame is illustrated in FIG. 9B. In the OTN
method, an OTU is defined so as to share a header area
with an optical-channel data unit (ODU) header area of
an ODU, which is obtained by adding the transmission
information header to a payload area (optical-channel
payload unit; OPU) for containing the information to be
transmitted, and further so as to have added thereto (for-
ward) error correction parity information (forward error
correction; FEC). "OH" (overhead) represents control in-
formation (maintenance overhead), and "FA" (frame
alignment) represents frame alignment.
[0004] In the OTN method, transmission rates such as
ODU1/OTU1 (2.5 Gbps), ODU2/OTU2 (10 Gbps),
ODU3/OTU3 (40 Gbps), and ODU4/OTU4 (100 Gbps)
are currently defined based on their transmission speeds.
[0005] In the optical network, in order to allow those
signals to coexist, a ladder structure is designed so as
to allow each transmission frame to accommodate trans-
mission frames at lower-level speeds in multiple hierar-
chies. For example, STM (synchronous transport mod-

ule)-4 can accommodate four STM-1 signals, and an
OTU4 signal can accommodate ten OTU2 signals.
[0006] FIG. 10 is a diagram for illustrating an example
of a case where OTU3 accommodates an ODU2 signal.
The payload area (OPU3) of OTU3 is formed by using
four ODTU (optical channel data tributary units) 23’s or
sixteen ODTU3.ts’s. In the former case, ODTU23s and
OTU2s are allocated to each other on a one-to-one basis,
and in the latter case, four signals (TSs) obtained by de-
multiplexing the ODU2 signal are allocated to four
ODTU3.ts’s as illustrated in the figure.
[0007] Those signals have the same frame length and
frame structure at all the hierarchies, but the transmission
speed itself of the signal is not an integral multiple of the
transmission speed of a lower-level hierarchy so that a
higher-level hierarchy signal (HO-ODU) allows a header
part of a lower-level hierarchy signal (LO-ODU) to be
transmitted as well. Further, in the OTN, the respective
optical paths for transmission as LO-ODUk and HO-OTUj
operate within a scope that does not depart from a jitter
specification described in G.709, and hence even at the
same hierarchy, clocks thereof are not always synchro-
nized.
[0008] In recent years, the transmission speed has
reached a speed as high as 100 Gbps. Therefore, there
is a tendency that devices that exchange those signals
increase in circuit scale. Further, even when a low-speed
signal is subjected to parallelization in order to undergo
the signal transmission within the device, parallel signal
transmission itself increases in speed in order to prevent
the device itself from increasing in scale, which causes
a problem in skew compensation between parallel sig-
nals. In addition, various signal speeds are mixed in a
situation in which transmission frames having a fixed
length are continuously transmitted, and hence there is
a demand for a device configuration ensuring consistent
clock of those signals.
[0009] According to the configuration presented in Pat-
ent Literature 1, an LO-ODUk signal to be exchanged is
divided in units of ODTU4.ts of a device system, and
asynchronously accommodated in a common frame op-
erating in accordance with a clock common to the device
system. The signal exchange is realized for a device by
cross-connection of a common frame group based on a
switch of a time-division method operating in accordance
with the clock common to the device system. At a time
of being multiplexed in an HO-ODUj signal output from
a signal exchange device, the cross-connected signal is
subjected to signal transfer from the common frame onto
ODTUjk or ODTUj.ts of the HO-ODUj signal. In this case,
the HO-ODUj signal differs in the transmission rate de-
pending on a value of j as described above, and hence
the signal transfer is transfer using an asynchronous ac-
commodation circuit.
[0010] With the method of Patent Literature 1, while
the signal exchange in units of ODTU4.ts is allowed for
input/output of various HO-ODUj signals, it is necessary
for realization thereof to provide an accommodation cir-
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cuit for an asynchronous signal for time-division cross-
connection before and after the cross-connection, and it
is necessary for realization of time division to establish
frame synchronization at a cross-connection unit. In ad-
dition, there is a demand for an advanced circuit imple-
mentation technology such as necessity for such a de-
sign as to establish synchronization between common
frames having the same LO-ODUk signal at an accom-
modating unit of HO-ODUj of an exchange destination,
or unification of interfaces for the cross-connection.
[0011] Aside from those problems with the signal ex-
change device, an optical transmission capacity per op-
tical path has been increasing on a current optical net-
work, and there are a few cases where a transmission
capacity for HO-ODUj to be transmitted is not used up,
with the result that unused ODTU areas are scattered. It
is possible to attain a more efficient transmission capacity
in the optical network by using those unused areas, but
when the capacity of the optical path to be used for trans-
mission is larger than the capacity of each of fragmented
paths, those fragmented paths cannot be used. When a
signal is divided into a plurality of paths, there is a problem
of providing a method of absorbing skew that occurs
among paths due to an asynchronous operation clock
and a difference in transmission delay among the optical
paths.

Citation List

Patent Literature

[0012] [PTL 1] JP 2011-199548 A

Non Patent Literature

[0013]

[NPL 1] ITU-T, Recommendation G.707, January
2007
[NPL 2] ITU-T, Recommendation G.709, December
2009

Summary of Invention

Technical Problem

[0014] In view of such a situation as described above,
it is desired to, for example, provide an optical commu-
nication cross-connection device and the like for easily
realizing asynchronous signal exchange in units of LO-
ODU irrespective of a clock speed or a type (speed) of
an optical transmission interface while compensating in-
tra-device skew.
[0015] An object of the present invention is to provide
an optical communication cross-connection device and
the like for easily realizing asynchronous signal ex-
change in units of LO-ODU irrespective of a clock speed
or a type (speed) of an optical transmission interface

while compensating intra-device skew.

Solution to Problem

[0016] According to one embodiment of the present
invention, there are provided an optical communication
cross-connection device and the like for exchanging an
OTN signal through optical communications, including:
a plurality of OTN signal processing units for asynchro-
nously conducting OTN signal processing; and a space
switch connected between the plurality of OTN signal
processing units, for conducting bidirectional signal ex-
change for the OTN signal, in which a first OTN signal
processing unit and a second OTN signal processing unit
that conduct signal transmission among the plurality of
OTN signal processing units subject the OTN signal to
skew processing on one side and deskew processing
corresponding to the skew processing on another side
between the first OTN signal processing unit and the sec-
ond OTN signal processing unit or between a communi-
cating end-side one of the first OTN signal processing
unit and the second OTN signal processing unit and a
communicating end-side OTN signal processing unit of
an optical communication cross-connection device of a
communication counterpart destination with respect to
the optical communication cross-connection device, and
share a clock for the signal transmission therebetween.

Advantageous Effects of Invention

[0017] According to the one embodiment of the present
invention, it is possible to easily realize the asynchronous
signal exchange in units of the LO-ODU irrespective of
the clock speed or the type (speed) of the optical trans-
mission interface while compensating the intra-device
skew.

Brief Description of Drawings

[0018]

FIG. 1 is a diagram for illustrating a configuration of
an optical communication cross-connection device
according to a first embodiment of the present inven-
tion.
FIGS. 2A and 2B are diagrams for illustrating skew
processing conducted by a transmission MLD unit
or the like according to the present invention.
FIG. 3 is a diagram for illustrating an example of a
detailed configuration of a line signal processing unit
according to the first embodiment of the present in-
vention.
FIG. 4 is a diagram for illustrating an operation of the
optical communication cross-connection device ac-
cording to the first embodiment of the present inven-
tion.
FIG. 5 is a diagram for illustrating a configuration of
an optical communication cross-connection device
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according to a second embodiment of the present
invention.
FIG. 6 is a diagram for illustrating an operation con-
ducted in a state in which two optical communication
cross-connection devices according to the second
embodiment of the present invention are communi-
cably connected to each other.
FIG. 7 is a diagram for illustrating an example of a
detailed configuration of a line signal processing unit
according to the second embodiment of the present
invention on a signal processing side from the client
to an optical communication system.
FIG. 8 is a diagram for illustrating an example of dis-
tributing ODTU areas by the line signal processing
unit according to the second embodiment of the
present invention.
FIGS. 9A and 9B are diagrams for illustrating frame
structures used in an OTN method.
FIG. 10 is a diagram for illustrating a ladder structure
for multiplex-accommodating transmission frames
at lower-level speeds of a transmission frame.

Description of Embodiments

[0019] The present invention is to provide a configura-
tion of a device for realizing circuit switching in units of
LO-ODUk, the configuration being capable of simply and
inexpensively realizing a solution to asynchronism due
to intra-device skew, a difference in rate depending on
each ODUj type, and a difference in clock at a time of
accommodation and a solution to a difference in interface
for exchanging ODUj. Further, the present invention is
to provide a configuration for transmitting client signals
distributed to a plurality of optical paths irrespective of a
clock speed, a format (type) of the optical transmission
interface, or a speed regardless of the clock speed or a
type (speed) of an optical transmission interface while
coping with skew within an optical path including line sig-
nal processing.
[0020] According to the present invention, an optical
communication cross-connection device for exchanging
the OTN signal through optical communications includes
a client signal accommodating unit, a space switch for
exchanging the signal, and a line signal processing unit,
and is configured to use asynchronous accommodation
as client signal accommodation and line signal accom-
modation and configured to be provided with MLD units
as interfaces of the client signal accommodating unit and
the line signal processing unit, which can compensate
the intra-device skew and easily realize asynchronous
signal exchange in units of LO-ODU irrespective of the
clock speed or the type (speed) of the optical transmis-
sion interface.
[0021] Now, an optical communication cross-connec-
tion device and the like according to each of embodi-
ments of the present invention are described with refer-
ence to the drawings. Note that, in each of the embodi-
ments, the same or corresponding portions are denoted

by the same reference symbols, and the overlapping de-
scription thereof is omitted.

First Embodiment

[0022] FIG. 1 is a diagram for illustrating a configura-
tion of an optical communication cross-connection de-
vice according to a first embodiment of the present in-
vention. In the optical communication cross-connection
device illustrated in FIG. 1, a plurality of client signal ac-
commodating units 100-A and 100-B each having the
same configuration respectively accommodate client sig-
nals (groups) 10-A and 10-B, each of which is a signal
having an arbitrary format and obtained by converting an
electrical signal or an optical signal received from a com-
munication device into an electrical signal, in LO-ODU
signals, and output the LO-ODU signals as N parallel
signals (N is an integer equal to or larger than 1) 20-A
and 20-B. Further, the client signal accommodating units
100-A and 100-B respectively extract client signals from
M’ parallel signals (M’ is an integer equal to or larger than
1) 21-A and 21-B received from a space switch 200, and
output the client signals as the client signals (groups) 11-
A and 11-B.
[0023] In the same manner, a plurality of line signal
processing units 300-A and 300-B each having the same
configuration respectively ODU-multiplex M parallel sig-
nals (M is an integer equal to or larger than 1) 30-A and
30-B that are input thereto, and output the M parallel sig-
nals 30-A and 30-B as electrical signals 40-A and 40-B
serving as HO-OTU signals. Further, the line signal
processing units 300-A and 300-B respectively ODU-de-
multiplex electrical signals 41-A and 41-B that are input
thereto, and output the electrical signals 41-A and 41-B
as N’ parallel signals (N’ is an integer equal to or larger
than 1) 31-A and 31-B.
[0024] The space switch 200 having a distribution func-
tion as a switch unit outputs the respective signals within
the N-parallel-signal groups 20-A and 20-B received from
the client signal accommodating units 100-A and 100-B,
after switching routes thereof, to the line signal process-
ing units 300-A and 300-B as the M parallel signals 30-
A and 30-B, and outputs the respective signals within the
N’-parallel-signal groups 31-A and 31-B received from
the line signal processing units 300-A and 300-B, after
switching routes thereof, to the client signal accommo-
dating units 100-A and 100-B as the M’ parallel signals
21-A and 21-B.
[0025] A plurality of electrical/optical signal converters
(E/O) 400-A and 400-B respectively conduct electri-
cal/optical conversion for the electrical signals 40-A and
40-B received from the line signal processing units 300-
A and 300-B, and send out the electrical signals 40-A
and 40-B as optical signals 50-A and 50-B. Further, a
plurality of optical/electrical signal converters (O/E) 410-
A and 410-B respectively conduct optical/electrical con-
version for optical signals 51-A and 51-B received from
another node (not shown) on an optical communication
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network when the optical communication cross-connec-
tion device illustrated in FIG. 1 is assumed as one node,
and send out the optical signals 51-A and 51-B as the
electrical signals 41-A and 41-B.
[0026] Note that, in this embodiment, the numbers of
client signal accommodating units, line signal processing
units, electrical/optical signal converters, and opti-
cal/electrical signal converters are described as two for
illustration of the signal groups to be connected thereto,
but the present invention is not limited thereto, and each
of the numbers may be at least 1.
[0027] First, a description is made of an operation con-
ducted in a case of accommodating a client signal and
sending out the client signal to an optical transmission
line. In the client signal accommodating unit (100), an
LO-OTN accommodating unit (OTN (LO)) 101 accom-
modates the client signal (10) that is input thereto in the
LO-ODU signal described in the ITU-T G.709 recommen-
dation by using the asynchronous accommodation based
on an asynchronous mapping procedure (AMP), a bit
mapping procedure (BMP), or a generic mapping proce-
dure (GMP), and outputs the LO-ODU signal to a trans-
mission MLD unit 102 as an OTUk signal or an ODUk
signal. The transmission MLD unit (EG-MLD) 102 con-
verts a signal that is input as necessary into the N parallel
signals (20) (set as "MLD signals" or "first MLD signals")
subjected to skew processing by multi-lane distribution
(MLD), and then outputs the N parallel signals (20) to the
space switch 200. N is an integer equal to or larger than
1, but parallelization is not conducted when N is 1. There-
fore, when N is 1, implementation of the transmission
MLD unit 102 can be omitted, and even when the trans-
mission MLD unit 102 is implemented, the transmission
MLD unit 102 can also be inhibited from conducting
processing.
[0028] As an example of this embodiment, when an
STM-256 signal (40 Gbps) is accommodated as the client
signal (10), the LO-OTN accommodating unit 101 can be
configured to, for example, accommodate the client sig-
nal in an ODU3 signal, and the transmission MLD unit
102 can be configured to subject the ODU3 signal con-
verted into an OTU3 frame or the ODU3 signal remaining
in a state of an ODU3 frame to the skew processing such
as frame-alignment signal (FAS) signal processing using
OTL(Optical Channel Transport Lane)3.4 described in
G.709 illustrated in FIGS. 2A and 2B, and then output
the ODU3 signal to the space switch 200 as four parallel
signals. FIG. 2A and FIG. 2B are illustrations for the skew
processing based on the FAS signal processing using
OTL3.4 relating to OTU3 and ODU3, respectively.
[0029] The space switch 200 receives the N parallel
signals 20-A and 20-B, which correspond to signals hav-
ing a total number of 2xN, from the plurality of client signal
accommodating units 100-A and 100-B, and outputs
each of the parallel signals to the line signal processing
unit 300-A or 300-B corresponding to a suitable route
depending on its purpose as the M parallel signals 30-A
or 30-B serving as a signal group.

[0030] A reception MLD unit (ING-MLD) 301 uses a
skew processing signal used for skew processing signal
processing to conduct deskew processing for the N par-
allel signals (20) subjected to the skew processing signal
processing by the transmission MLD unit 102 among the
M parallel signals (30) exchanged by the space switch
200 and input to the line signal processing unit (300), and
recovers the LO-ODUk signal therefrom. Note that, the
parallelization is not conducted when N is 1, and hence
the reception MLD unit 301 can be omitted. The recov-
ered LO-ODUk signal is input to an ODU-multiplexing
unit (ODUMUX) 302.
[0031] FIG. 3 is an illustration for details of the line sig-
nal processing unit (300). The M parallel signals (30),
which are M signals to be input, are formed of parallel
signals having x channels (x is an integer equal to or
larger than 1). The respective channels are provided with
reception MLD processing units 301-1, 301-2, ... , and
301-x corresponding to the mutually different client signal
accommodating units (100-A, 100-B,...), and the recep-
tion MLD processing units 301-1, 301-2, ... , and 301-x
receive the M1, M2, ... , Mx parallel signals (30-1,
30-2, ... , and 30-x), respectively, which have been ex-
changed and output by the space switch 200. The N par-
allel signals 20-A output from the client signal processing
unit 100-A are allocated to any one of the parallel signals
30-1, 30-2, ... , and 30-x, and the signals output from the
different client signal accommodating unit (100) are al-
located to another channel. A number Mn of parallel sig-
nals that can be received through the channel 30-n is
equal to or larger than a number Nn of parallel signals
output from the corresponding client signal accommo-
dating unit (100). The LO-ODUk signal recovered by the
respective reception MLD processing units 301-1,
301-2, ... , and 301-x is input to the ODU-multiplexing
unit 302. The ODU-multiplexing unit 302 asynchronously
accommodates the input LO-ODUk signal in the HO-
ODUj signal (j≥k) by using GMP or the like described in
the ITU-T G.709 recommendation.
[0032] When j=k and when the clock of LO-ODUk and
the clock of HO-ODUj are set to be the same, the ODU-
multiplexing unit 302 can also be omitted.
[0033] When j=k and when the clock of LO-ODUk and
the clock of HO-ODUj are not the same, an asynchronous
transfer of the OPUk signal is conducted.
[0034] The HO-ODUj signal is converted into an OTUj
frame by an HO-OTU accommodating unit (OTU (HO))
303, sent out to the electrical/optical signal converter
(E/O) (400), and transmitted to a counter node as the
optical signal (50) through an optical fiber. In this case,
the optical signals 50-A and 50-B sent out from the dif-
ferent line signal processing units 300-A and 300-B
through the electrical/optical signal converters 400-A and
400-B have different wavelengths, or are sent out to dif-
ferent routes.
[0035] Next, a description is made of an operation con-
ducted when a line signal corresponding to the optical
signal (51) is received and the client signal (11) is sent
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out. The line signal processing unit (300) receives the
optical signal (51) from another node as the electrical
signal (41) through the optical/electrical signal converter
(O/E) 410. An OTU frame reception unit (De-OTU (OH))
313 extracts the HO-ODUj signal from an HO-OTUj frame
constructed on a transmission side, and an ODU-demul-
tiplexing unit (ODUDMUX) 312 demultiplexes the LO-
ODUk signal from the HO-ODUj signal. In regard to the
demultiplexed LO-ODUk signal, a transmission MLD unit
(EG-MLD) 311 converts a signal that is input as neces-
sary into the N’ parallel signals (31) (set as "MLD signals"
or "second MLD signals") subjected to the skew process-
ing by MLD, and then outputs the N’ parallel signals (31)
to the space switch 200.
[0036] Note that, as illustrated in FIG. 3, the transmis-
sion MLD unit 311 outputs the LO-ODUk signal demulti-
plexed by the ODU-demultiplexing unit 312 to the space
switch 200 as N’1, N’2, ... , and N’x’ parallel signals (31-1,
31-2, ... , and 31-x’) at corresponding transmission MLD
processing units 311-1, 311-2, ... , and 311-x’. Synchro-
nization is not necessarily established among the parallel
signals 31-1, 31-2, ... , and 31-x’.
[0037] In other words, the ODU-demultiplexing unit
312 demultiplexes the LO-ODUk signal as signals having
x’ channels (x’ is an integer equal to or larger than 1),
and the N’ parallel signals (31), which are N’ signals to
be output from the transmission MLD unit 311, are formed
of the parallel signals having x’ channels. The respective
channels are provided with the transmission MLD
processing units 311-1, 311-2, ... , and 311-x’ corre-
sponding to the mutually different client signal accom-
modating units (100-A, 100-B, ...), and the transmission
MLD processing units 311-1, 311-2, ... , and 311-x’ con-
duct skew processing for the signals of the channels re-
spectively corresponding to the signals demultiplexed by
the ODU-demultiplexing unit 312, and transmits the par-
allel signals (31-1, 31-2, ... , and 31-x’) to the space
switch 200.
[0038] The space switch 200 receives the N’ parallel
signals 31-A and 31-B, which correspond to signals hav-
ing a total number of 2xN’, from the plurality of line signal
processing units 300-A and 300-B, and outputs each of
the parallel signals to the client signal accommodating
unit 100-A or 100-B corresponding to a suitable route
depending on its purpose as the M’ parallel signals 21-
A and 21-B. Therefore, the parallel signals 31-1, 31-2, ... ,
and 31-x’ output from the line signal processing unit 300
are respectively allocated to the M’ parallel signals (21)
serving as inputs to any one of the client signal units
(100). A number M’n of parallel signals that can be re-
ceived by the client signal accommodating unit 100 is
equal to or larger than a number N’n of parallel signals
output from the corresponding channel 31-n.
[0039] A reception MLD unit (ING-MLD) 112 uses a
skew processing signal used for skew processing signal
processing to conduct the deskew processing for the N’
parallel signals subjected to the skew processing signal
processing by the transmission MLD unit 311 among the

M’ parallel signals (21) exchanged by the space switch
200 and input to the client signal accommodating unit
(100), and recovers the LO-ODUk signal therefrom. A
client signal extraction unit (De-OTU (LO)) 111 extracts
the client signal from the recovered LO-ODUk signal, and
outputs the client signal as the client signal 11.
[0040] In this case, the optical signals 51-A and 51-B,
which are received optical signals, are received from dif-
ferent nodes, and hence the speeds of the N’ parallel
signals (data) 31-A and 31-B input to the space switch
200 are generally asynchronous. It is possible for the
reception MLD unit to recover the signal in accordance
with the speed of received data through the transmission
of a clock from the transmission MLD unit 311 to the
reception MLD unit 112 serving as a transmission desti-
nation or through the provision of a clock data recovery
(CDR) function to the reception MLD unit 112.
[0041] The same applies between the transmission
MLD unit 102 and the reception MLD unit 301, and it is
possible for the reception MLD unit to recover the signal
in accordance with the speed of received data through
the transmission of a clock from the transmission MLD
unit 102 to the reception MLD unit 301 serving as a trans-
mission destination or through the provision of the clock
data recovery (CDR) function to the reception MLD unit
301.
[0042] The space switch 200 has the function of simply
switching a signal path, and conducts no clock operation.
Accordingly, the signal passing through an inside thereof
does not need the synchronization for a specific system
clock, and hence an interface between the transmission
MLD unit 102, 311 and the reception MLD unit 301, 112
is not limited to any particular type or speed. For example,
the space switch 200 normally operates even in a state
in which an OTL4.10 signal (11.3 Gbps), an OTU2 signal
(10.7 Gbps), and an SFI (serdes framer interface) 5.1
signal (2.6 Gbps) are input/output to the space switch,
and each of the signals is free from data loss due to in-
consistent clock. Further, at a time of ODU accommoda-
tion, the accommodation and extraction can be conduct-
ed in accordance with any clock as long as specifications
defined in the G.709 recommendation are satisfied,
which does not necessitate a common clock for centrally
controlling an entire system including the client signal
accommodating unit and the line signal processing unit.
[0043] In this manner, conducting asynchronous signal
communications irrespective of the clock speed and the
type (processing speed) of the optical transmission in-
terface is possible while compensating the intra-device
skew by using the space switch as well as providing the
MLD processing function including the skew compensa-
tion to the client signal accommodating unit and the line
signal processing unit and also providing an ODU asyn-
chronous accommodation function in HO/LO to the line
signal processing unit. Further, the space switch 200 may
be a simple signal switching switch, which realizes a sim-
ple and inexpensive device configuration.
[0044] The space switch 200 can improve a switch ca-
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pacity by using different space switches between the
transmission side (from 102 to 301) and the reception
side (from 311 to 112), or can reduce the number of parts
by using the same space switch. In the latter case, in the
space switch 200, by connecting a part or all of the out-
puts 31-A from the line signal processing unit 300-A to
the inputs 30-B to another line signal processing unit
(300-B) or connecting a part or all of the outputs 20-A
from the client signal accommodating unit 100-A to the
inputs 21-B to another client signal accommodating unit,
it is possible to realize a cross-connection function for
the LO-ODUk signal between the line signals or between
the client signals. In other words, the signal transmission
between the line signal processing units (300-A and 300-
B) and between the client signal accommodating units
(100-A and 100-B) can also be conducted via the space
switch 200 in the same manner.
[0045] Further, the space switch is described above to
have one side connected to the client signal accommo-
dating unit for conducting conversion processing be-
tween the client signals having various formats and the
OTU (OTN) signal and the other side connected to the
line signal processing unit for converting an OTU signal
between LO-ODU and HO-ODU, but may have both the
sides connected to the client signal accommodating unit
or have both the sides connected to the line signal
processing unit. In other words, the same effects are pro-
duced in the signal transmission between OTN signal
processing units in a structure in which a plurality of the
OTN signal processing units (100 and 300) formed of the
client signal accommodating unit or the line signal
processing unit are connected to the space switch.
[0046] A description is made of an operation conducted
when the signal transmission is conducted between the
line signal processing units (300) (300-A and 300-B).
FIG. 4 is a diagram for illustrating the operation. A state
of transmission from the line signal processing unit 300-
A to the line signal processing unit 300-B is illustrated,
and only the transmission side of the line signal process-
ing unit 300-A and only the reception side of the line signal
processing unit 300-B are illustrated. The line signal
processing unit 300-A receives the optical signal (51-A)
from another node as the electrical signal (41-A) through
the optical/electrical signal converter (O/E) 410-A (see
FIG. 1). The OTU frame reception unit (De-OTU (OH))
313 extracts the HO-ODUj signal from the HO-OTUj
frame constructed on the transmission side, and the
ODU-demultiplexing unit (ODUDMUX) 312 demultiplex-
es the LO-ODUk signal from the HO-ODUj signal. In re-
gard to the demultiplexed LO-ODUk signal, the transmis-
sion MLD unit (EG-MLD) 311 converts the signal that is
input as necessary into the N’ parallel signals 31-A (set
as "MLD signals" or "second MLD signals") subjected to
the skew processing by MLD, and then outputs the N’
parallel signals 31-A to the space switch 200.
[0047] The space switch 200 outputs a parallel output
signal 31-A-n, which is output from a channel A-n of the
line signal processing unit 300-A to the space switch 200,

as a parallel input signal 30-B-m to a channel B-m of the
line signal processing unit 300-B. The N’ parallel signals
31-A input to the channel B-m of the line signal process-
ing unit 300-B are recovered as the LO-ODUk signal by
the reception MLD processing unit 301-B-m (301-2) of
the line signal processing unit 300-B, and asynchronous-
ly accommodated in the HO-ODUj signal by the ODU-
multiplexing unit 302 along with the signal input to another
channel of the line signal processing unit 300-B (j≥k).
HO-ODUj is converted into the OTUj frame by the HO-
OTU accommodating unit (OTU (HO)) 303, sent out to
the electrical/optical signal converter (E/O) 400-B (see
FIG. 1), and transmitted to the counter node as the optical
signal 50-B through the optical fiber.
[0048] A description is made of an operation conducted
when the signal transmission is conducted between the
client signal accommodating units (100) (100-A and 100-
B). In the client signal accommodating unit 100-A, the
LO-OTN accommodating unit (OTN (LO)) 101 accom-
modates the client signal 10-A that is input thereto in the
LO-ODU signal described in the ITU-T G.709 recommen-
dation by using the asynchronous accommodation, and
outputs the LO-ODU signal to the transmission MLD unit
102 as the OTUk signal or the ODUk signal. The trans-
mission MLD unit 102 converts the signal that is input as
necessary into the N parallel signals 20-A subjected to
skew processing by MLD, and then outputs the N parallel
signals 20-A to the space switch 200. The space switch
200 outputs a parallel output signal 20-A, which is output
from the client signal accommodating unit 100-A to the
space switch 200, as a parallel input signal 21-B to the
client signal accommodating unit 100-B. The parallel sig-
nals 21-B input to the client signal accommodating unit
100-B are recovered as the LO-ODUk signal after being
subjected to the deskew processing by use of the skew
processing signal by the reception MLD unit 112. The
client signal extraction unit (De-OTU (LO)) 111 extracts
the client signal from the recovered LO-ODUk signal, and
outputs the client signal as a client signal 11-B.
[0049] Note that, at a time of the signal transmission
between the line signal processing units (300) (300-A
and 300-B), a clock for signal transmission is shared be-
tween the transmission MLD unit 311 of the line signal
processing unit 300-A and the reception MLD unit 301
of the line signal processing unit 300-B and between the
transmission MLD unit 311 of the line signal processing
unit 300-B and the reception MLD unit 301 of the line
signal processing unit 300-A. Further, similarly at a time
of the signal transmission between the client signal ac-
commodating units (100) (100-A and 100-B), the clock
for the signal transmission is shared between the recep-
tion MLD unit 112 and the transmission MLD unit 102 for
conducting the signal transmission.

Second Embodiment

[0050] FIG. 5 is a diagram for illustrating a configura-
tion of an optical communication cross-connection de-
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vice according to a second embodiment of the present
invention. In the optical communication cross-connection
device illustrated in FIG. 5, the client signal accommo-
dating unit 100 accommodates the client signal 10 in LO-
ODU signals, and output the LO-ODU signals as N par-
allel signals (N is an integer equal to or larger than 2) 20.
Further, the client signal accommodating unit 100 ex-
tracts client signal from N parallel signals 21 received
from the space switch 200, and outputs the client signal
as the client signal 11.
[0051] A plurality of line signal processing units 300a-
A and 300a-B respectively ODU-multiplex N’ parallel
fragmented signals 30-A and N" parallel fragmented sig-
nals 30-B (N=N’+N") that are input thereto, and output
the parallel fragmented signals 30-A and 30-B as HO-
OTU signals. Further, the line signal processing units
300a-A and 300a-B respectively ODU-demultiplex elec-
trical signals 41-A and 41-B that are input thereto, and
output the electrical signals 41-A and 41-B as N’ parallel
signals 31-A and N" parallel signals 31-B.
[0052] The space switch 200 as a switch unit outputs
the respective signals within the N parallel signals 20
received from the client signal accommodating unit 100,
after switching routes thereof, to the line signal process-
ing units 300a-A and 300a-B as the N’ parallel fragment-
ed signals 30-A and N" parallel fragmented signals 30-
B, and outputs the respective signals within the N’ parallel
signals 31-A and N" parallel signals 31-B received from
the line signal processing units 300a-A and 300a-B, after
switching routes thereof, to the client signal accommo-
dating unit 100 as the N parallel signals 21.
[0053] The plurality of electrical/optical signal convert-
ers (E/O) 400-A and 400-B respectively conduct electri-
cal/optical conversion for the electrical signals 40-A and
40-B received from the line signal processing units 300a-
A and 300a-B, and send out the electrical signals 40-A
and 40-B as optical signals 50-A and 50-B. Further, the
plurality of optical/electrical signal converters (O/E) 410-
A and 410-B respectively conduct optical/electrical con-
version for optical signals 51-A and 51-B received from
another node (not shown) and send out the optical signals
51-A and 51-B as the electrical signals 41-A and 41-B.
[0054] Note that, in this embodiment, the number of
client signal accommodating units is one, and the num-
bers of line signal processing units, electrical/optical sig-
nal converters, and optical/electrical signal converters
are described as two for illustration of the signal groups
to be transmitted thereto, but the present invention is not
limited thereto as in the first embodiment.
[0055] In the first embodiment, the skew processing
and the deskew processing corresponding to the skew
processing are conducted between the client signal ac-
commodating unit (100) and the line signal processing
unit (300) on both the sides of the space switch 200. In
this embodiment, the skew processing is not conducted
on the line signal processing unit (300) side, and the skew
processing and the deskew processing corresponding to
the skew processing are conducted between an output

from the client signal accommodating unit (100) having
a configuration illustrated in FIG. 5 and serving as, for
example, a node on the transmission side, and an input
to the client signal accommodating unit (100) having the
same configuration and serving as another node on the
reception side of the communication counterpart (for ex-
ample, upstream and downstream).
[0056] FIG. 6 is a diagram for illustrating an operation
conducted in a state in which two optical communication
cross-connection devices each forming the communica-
tion node as described above are communicably con-
nected to each other. In the state illustrated in FIG. 6, the
optical communication cross-connection devices on the
upper side and on the lower side each have the config-
uration illustrated in FIG. 5, the optical communication
cross-connection device on the upper side is a transmis-
sion-side node, and the optical communication cross-
connection device on the lower side is a reception-side
node. Parts irrelevant to the operation are omitted from
the illustration. Then, the skew processing, the deskew
processing corresponding to the skew processing, and
the sharing of the clock are conducted between the trans-
mission MLD unit 102 of the client signal accommodating
unit 100-A of the transmission-side node on the upper
side and the reception MLD unit 112 of a client signal
accommodating unit 100-AA of the reception-side node
on the lower side.
[0057] Further, in this embodiment, the plurality of cli-
ent signal accommodating units (100-A, 100-B, ...) may
be provided as in the first embodiment described with
reference to FIG. 1, and the description is made below
by presupposing the configuration in which the plurality
of client signal accommodating units are connected.
[0058] First, a description is made of an operation con-
ducted in a case of accommodating a client signal and
sending out the client signal to an optical transmission
line. As in the first embodiment, in the client signal ac-
commodating unit 100, the LO-OTN accommodating unit
101 accommodates the client signal 10 that is input there-
to in the LO-ODU signal, and outputs the LO-ODU signal
to the transmission MLD unit 102 as an ODUk signal.
The transmission MLD unit 102 converts the ODUk signal
that is input into the N parallel signals 20 (set as "MLD
signals" or "first MLD signals") subjected to skew
processing, and then outputs the N parallel signals 20 to
the space switch 200.
[0059] The space switch 200 receives the N parallel
signals 20, which correspond to N signals, from the client
signal accommodating unit 100, and outputs the N sig-
nals of the N parallel signals 20 by distributing the N’
parallel fragmented signals 30-A to the line signal
processing unit 300a-A and N" parallel fragmented sig-
nals 30-B to the line signal processing unit 300a-B
(N=N’+N").
[0060] The N’ parallel fragmented signals 30-A distrib-
uted by the space switch 200 and input to the line signal
processing unit 300a-A are input to an ODU-multiplexing
unit 302-A, and directly asynchronously mapped to an
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ODTU tributary slot area of HO-ODUj by ODUflex or the
like described in ITU-T G.709.
[0061] FIG. 7 is a diagram for illustrating details of a
signal processing side of the signal from the client to the
optical communication network of the line signal process-
ing unit (300a) according to this embodiment. The recep-
tion MLD processing unit 301-2 indicated by the broken
line indicates a case where a reception MLD processing
unit is provided to a part of the distributed parallel signals
(for example, N2 parallel signals) when the reception
MLD unit 301 is provided as in the first embodiment de-
scribed with reference to FIG. 1.
[0062] Note that, on the signal processing side from
the optical communication network to the client side, the
OTU frame reception unit 313 and the ODU-demultiplex-
ing unit 312 are provided along with the transmission
MLD processing units (311) for a part of the parallel sig-
nals demultiplexed by the ODU-demultiplexing unit 312.
[0063] Also in this embodiment, the line signal process-
ing unit (300a) has a function of receiving the LO-ODUk
signal from a different client signal accommodating unit
as MLD, and the direct mapping of the parallel fragment-
ed signals and a function of multiplexing LO-ODUj coexist
by suitably distributing ODTUj.ts tributary slots.
[0064] FIG. 8 is a diagram for illustrating an example
of distributing ODTU areas when the signals from a plu-
rality of client signal accommodating units are accommo-
dated according to this embodiment. In HO-OTU4 in
which a total number of ODTU4.ts tributary slots is 80 at
the line signal processing unit (300a), three signals
among four OTL3.4 parallel signals from a client signal
accommodating unit A are accommodated (correspond-
ing to A-1 to A-3 in FIG. 8), LO-OTU3 signals from a client
signal accommodating unit B are accommodated (B in
FIG. 8), two signals among OTL3.4 parallel signals from
a client signal accommodating unit C are accommodated
(C in FIG. 8), and ODU2 signals from a client signal ac-
commodating unit D are accommodated (D in FIG. 8).
[0065] When the ODU3 signal is transmitted by the four
parallel signals of OTL3.4, the number of ODTU4.ts’s
necessary for one parallel signal is 8. Therefore, slots 1
to 24 are allocated to the client (A) for inputting three
fragmented parallel signals. Further, the number of slots
necessary to transmit LO-ODU3 is 32, and hence slots
25 to 56 are allocated to the signals from the client B.
[0066] Two signals among the four parallel signals of
OTL3.4 are allocated to the client C, and hence slots 57
to 72 are allocated to sixteen slots that are necessary.
The number of slots necessary to transmit LO-ODU2 is
8, and hence slots 73 to 80 are allocated to the client D.
[0067] In this manner, the line signal processing unit
(300a) suitably distributes ODTUj.ts tributary slots, to
thereby be able to cause the direct mapping of the parallel
fragmented signals and the function of multiplexing LO-
ODUj to coexist.
[0068] The ODU-multiplexing is thus conducted, and
the HO-ODUj signal output from the ODU-multiplexing
unit 302 is converted into the OTUj frame by the HO-OTU

accommodating unit 303, sent out to the electrical/optical
signal converter 400-A, and transmitted to the counter
node on the optical communication network as the optical
signal 50-A through the optical fiber. In this case, the
optical signals 50-A and 50-B sent out from the different
line signal processing units 300a-A and 300a-B through
the electrical/optical signal converters 400-A and 400-B
are sent out as different optical paths. In this case, the
asynchronous mapping is conducted for the ODU-multi-
plexing, and hence HO-OTUj signals transmitted from
between the line signal processing units 300a-A and 300-
B may have different types as long as j≥k is satisfied.
[0069] Next, a description is made of an operation con-
ducted when the line signal is received and the client
signal is sent out. The reception node also has the con-
figuration illustrated in FIG. 5 in the same manner as the
transmission node. The optical signal 50-A transmitted
from the transmission node through the optical transmis-
sion line in the above-mentioned manner is received by
the line signal processing unit 300a-A as the optical signal
51-A in the reception node, and the optical signal 50-B
transmitted from the transmission node through the op-
tical transmission line is received by the line signal
processing unit 300a-B as the optical signal 51-B in the
reception node. The line signal processing unit (300a)
receives the optical signal (51) from another node as the
electrical signal 41 through the optical/electrical signal
converter (410). The OTU frame reception unit 313 ex-
tracts the HO-ODUj signal from the HO-OTUj frame con-
structed on the transmission side, and the ODU-demul-
tiplexing unit 312 demultiplexes each of the parallel sig-
nals (and the multiplexed LO-ODUk signal) from the HO-
ODUj signal. Each of the demultiplexed parallel signals
(set as "MLD signals" or "second MLD signals") is output
to the space switch 200. The same applies to the oper-
ation conducted by the line signal processing unit 300a-
B that has received the optical signal 51-B.
[0070] The number of signals of the parallel fragment-
ed signals 30-A allocated to the input (30-A) to the line
signal processing unit 300a-A in the transmission node
is N’, and the number of signals of the parallel fragmented
signals 31-A output as the output (31-A) from the line
signal processing unit 300a-A in the reception node is N’.
[0071] In the same manner, the number of signals of
the parallel fragmented signals 30-B allocated to the input
(30-B) to the line signal processing unit 300a-B in the
transmission node is N", and the number of signals of
the parallel fragmented signals 31-B output as the output
(31-B) from the line signal processing unit 300a-B in the
reception node is N". At the space switch 200 in the re-
ception node, the signals included in the parallel frag-
mented signals 31-A and the signals included in the par-
allel fragmented signals 31-B, namely, N’+N"=N signals
in total, are output as the N parallel signals 21 to the client
signal accommodating unit 100 (100-AA in FIG. 6) in the
reception node.
[0072] The N parallel signals 21 input to the client sig-
nal accommodating unit 100 in the reception node are
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the N parallel signals subjected to the skew processing
by the transmission MLD unit 102 in the transmission
node, and are subjected to the deskew processing by
the reception MLD unit 112 in the reception node, and
recovered as an LO-ODUj signal. The client signal ex-
traction unit 111 extracts the client signal from the recov-
ered LO-ODUk signal, and outputs the client signal as
the client signal 11.
[0073] In this manner, by providing the client signal ac-
commodating unit 100 having the MLD processing func-
tion, the line signal processing unit 300a having the ODU
asynchronous accommodation function in HO/LO, and
the space switch 200 serving as the switch function, it is
possible to transmit client signals distributed to a plurality
of optical paths irrespective of the clock speed or the type
(processing speed) of the optical transmission interface
while coping with skew within an optical path including
line signal processing. Further, by using the space switch
as the switch function and providing the MLD processing
function also to the line signal processing unit, it is pos-
sible to cause the LO-ODUk signal to be MLD-transmitted
in the state of OTUk within the device and the LO-ODUk
signal to be MLD-transmitted in the state of ODUk to co-
exist.
[0074] This embodiment is described by taking the
configuration in which the optical path connects the trans-
mission node and the reception node to each other, but
at the space switch 200 as an intermediate node, all the
N’ parallel signals extracted from among the outputs (31-
A) from the line signal processing unit 300a-A may be
connected to the inputs 30 to another single line signal
processing unit, or the N’ parallel signals may be distrib-
utively connected to the inputs 30 to a plurality of other
line signal processing units, to thereby also be able to
transmit N’ parallel fragmented signals by changing the
optical path or by further increasing the optical paths to
which the signals are to be distributed. In other words,
the signal transmission between the line signal process-
ing units (300) and between the client signal accommo-
dating units (100) can also be conducted via the space
switch 200 in the same manner.
[0075] Further, in the case of this embodiment, be-
tween the optical communication cross-connection de-
vices serving as the node for signal transmission, the
clock for the signal transmission is shared by the trans-
mission MLD unit 102 of the client signal accommodating
unit 100 of the optical communication cross-connection
device on the transmission side and the reception MLD
unit 112 of the client signal accommodating unit 100 of
the optical communication cross-connection device on
the reception side.
[0076] The present invention is not limited to each of
the above-mentioned embodiments, and needless to
say, the present invention includes all the possible com-
binations of those embodiments.

Industrial Applicability

[0077] Note that, the optical communication cross-con-
nection device and the signal processing method therefor
according to the present invention are applicable to op-
tical communication systems in various fields.

Reference Signs List

[0078]

100, 100-A, 100-B client signal accommodating unit,
101 LO-OTN accommodating unit, 102,311 trans-
mission MLD unit,
111 client signal extraction unit, 112, 301 reception
MLD unit,
200 space switch,
300, 300-A, 300-B, 300a, 300a-A, 300a-B line signal
processing unit,
301-1, 301-2, ... , 301-x reception MLD processing
unit,
302 ODU-multiplexing unit, 303 HO-OTU accommo-
dating unit,
311-1, 311-2, ... , 311-x’ transmission MLD process-
ing unit,
312 ODU-demultiplexing unit, 313 OTU frame recep-
tion unit,
400 electrical/optical signal converter, 410 opti-
cal/electrical signal converter.

Claims

1. An optical communication cross-connection device
for exchanging an OTN signal through optical com-
munications, comprising:

a plurality of OTN signal processing units for
asynchronously conducting OTN signal
processing; and
a space switch connected between the plurality
of OTN signal processing units, for conducting
bidirectional signal exchange for the OTN sig-
nal,
wherein a first OTN signal processing unit and
a second OTN signal processing unit that con-
duct signal transmission among the plurality of
OTN signal processing units subject the OTN
signal to skew processing on one side and
deskew processing corresponding to the skew
processing on another side between the first
OTN signal processing unit and the second OTN
signal processing unit or between a communi-
cating end-side one of the first OTN signal
processing unit and the second OTN signal
processing unit and a communicating end-side
OTN signal processing unit of an optical com-
munication cross-connection device of a com-
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munication counterpart destination with respect
to the optical communication cross-connection
device, and share a clock for the signal trans-
mission therebetween.

2. The optical communication cross-connection device
according to claim 1, wherein the first OTN signal
processing unit and the second OTN signal process-
ing unit are each formed of any one of a client signal
accommodating unit for conducting conversion
processing between a client signal having an arbi-
trary format and the OTN signal and a line signal
processing unit for converting an OTU signal be-
tween an LO-ODU signal and an HO-ODU signal.

3. The optical communication cross-connection device
according to claim 2, wherein:

the first OTN signal processing unit is formed of
the client signal accommodating unit;
the second OTN signal processing unit is formed
of the line signal processing unit;
the client signal accommodating unit comprises:

an LO-OTN accommodating unit for asyn-
chronously accommodating the client sig-
nal, which is an electrical signal input to the
optical communication cross-connection
device, in the LO-ODU signal, and output-
ting the LO-ODU signal as the OTU signal
or an ODU signal;
a transmission MLD unit for outputting a sig-
nal output from the LO-OTN accommodat-
ing unit as a first MLD signal, which is a par-
allel signal subjected to skew signal
processing by MLD, to the space switch;
a reception MLD unit for receiving a second
MLD signal input from the line signal
processing unit via the space switch, and
recovering the OTU signal or the ODU sig-
nal from the second MLD signal by conduct-
ing the deskew processing for the second
MLD signal; and
a client signal extraction unit for extracting
the client signal from the OTU signal or the
ODU signal that has been recovered, and
outputting the client signal;

the line signal processing unit comprises:

a reception MLD unit for conducting the
deskew processing for the first MLD signal
input from the client signal accommodating
unit via the space switch, and recovering
the LO-ODU signal from the first MLD sig-
nal;
an ODU-multiplexing unit for asynchro-
nously multiplexing the LO-ODU signal as

the HO-ODU signal;
an HO-OTU accommodating unit for con-
verting the HO-ODU signal obtained by the
multiplexing into an OTU frame, and output-
ting the HO-ODU signal as an HO-OTU sig-
nal to an outside;
an OTU frame reception unit for extracting
the HO-ODU signal from the OTU frame of
the HO-OTU signal received from the out-
side;
an ODU-demultiplexing unit for extracting
the LO-ODU signal from the extracted HO-
ODU signal by demultiplexing; and
a transmission MLD unit for outputting the
demultiplexed LO-ODU signal to the space
switch as the second MLD signal, which is
a parallel signal subjected to the skew signal
processing by MLD; and

the transmission MLD unit and the reception
MLD unit that conduct the signal transmission
share the clock for the signal transmission.

4. The optical communication cross-connection device
according to claim 2, wherein:

the first OTN signal processing unit is formed of
the client signal accommodating unit;
the second OTN signal processing unit is formed
of the line signal processing unit;
the client signal accommodating unit comprises:

an LO-OTN accommodating unit for asyn-
chronously accommodating the client sig-
nal, which is an electrical signal input to the
optical communication cross-connection
device, in the LO-ODU signal, and output-
ting the LO-ODU signal as the OTU signal
or an ODU signal;
a transmission MLD unit for outputting a sig-
nal output from the LO-OTN accommodat-
ing unit as an MLD signal, which is a parallel
signal subjected to skew signal processing
by MLD, to the space switch;
a reception MLD unit for receiving the LO-
ODU signal, which is the MLD signal input
from the line signal processing unit via the
space switch and extracted by demultiplex-
ing, and recovering the OTU signal or the
ODU signal from the LO-ODU signal by con-
ducting the deskew processing for the LO-
ODU signal; and
a client signal extraction unit for extracting
the client signal from the OTU signal or the
ODU signal that has been recovered, and
outputting the client signal;

the space switch outputs the MLD signal from
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the client signal accommodating unit to the line
signal processing unit as a plurality of parallel
fragmented signals,
the line signal processing unit comprises:

a second ODU-multiplexing unit for directly
mapping the plurality of parallel fragmented
signals of the LO-ODU signal input from the
client signal accommodating unit via the
space switch to ODTU of HO-ODU, and
asynchronously multiplexing the plurality of
parallel fragmented signals as the HO-ODU
signal;
an HO-OTU accommodating unit for con-
verting the HO-ODU signal obtained by the
multiplexing as the HO-ODU signal into the
OTU frame, and outputting the HO-ODU
signal as an HO-OTU signal to the optical
communication cross-connection device of
the communication counterpart destination
with respect to the optical communication
cross-connection device;
an OTU frame reception unit for extracting
the HO-ODU signal from the OTU frame of
the HO-OTU signal received from the opti-
cal communication cross-connection de-
vice of the communication counterpart des-
tination; and
an ODU-demultiplexing unit for extracting
the LO-ODU signal from the extracted HO-
ODU signal by the demultiplexing, and out-
putting the LO-ODU signal to the space
switch; and

the transmission MLD unit of the client signal
accommodating unit and the OTN signal
processing unit of the optical communication
cross-connection device of the communication
counterpart destination share the clock for the
signal transmission therebetween.

5. The optical communication cross-connection device
according to claim 2, wherein:

the first OTN signal processing unit and the sec-
ond OTN signal processing unit are both formed
of the client signal accommodating unit;
the client signal accommodating unit comprises:

an LO-OTN accommodating unit for asyn-
chronously accommodating the client sig-
nal, which is an electrical signal input to the
optical communication cross-connection
device, in the LO-ODU signal, and output-
ting the LO-ODU signal as the OTU signal
or an ODU signal;
a transmission MLD unit for outputting a sig-
nal output from the LO-OTN accommodat-

ing unit as an MLD signal, which is a parallel
signal subjected to skew signal processing
by MLD, to the space switch;
a reception MLD unit for receiving the MLD
signal input via the space switch, and re-
covering the OTU signal or the ODU signal
from the MLD signal by conducting the
deskew processing for the MLD signal; and
a client signal extraction unit for extracting
the client signal from the OTU signal or the
ODU signal that has been recovered, and
outputting the client signal; and

the transmission MLD unit and the reception
MLD unit that conduct the signal transmission
share the clock for the signal transmission.

6. The optical communication cross-connection device
according to claim 2, wherein:

the first OTN signal processing unit and the sec-
ond OTN signal processing unit are both formed
of the line signal processing unit;
the line signal processing unit comprises:

an OTU frame reception unit for extracting
the HO-ODU signal from an OTU frame of
an HO-OTU signal received from an out-
side;
an ODU-demultiplexing unit for extracting
the LO-ODU signal from the extracted HO-
ODU signal by demultiplexing;
a transmission MLD unit for outputting the
demultiplexed LO-ODU signal to the space
switch as an MLD signal, which is a parallel
signal subjected to skew signal processing
by MLD;
a reception MLD unit for conducting the
deskew processing for the MLD signal input
via the space switch, and recovering the LO-
ODU signal from the MLD signal;
an ODU-multiplexing unit for asynchro-
nously multiplexing the LO-ODU signal as
the HO-ODU signal; and
an HO-OTU accommodating unit for con-
verting the HO-ODU signal obtained by the
multiplexing into the OTU frame, and out-
putting the HO-ODU signal as the HO-OTU
signal to the outside; and

the transmission MLD unit and the reception
MLD unit that conduct the signal transmission
share the clock for the signal transmission.

7. A signal processing method for an optical commu-
nication cross-connection device in which a plurality
of OTN signal processing units for conducting OTN
signal processing are connected to a space switch
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for conducting bidirectional signal exchange for an
OTN signal, the signal processing method compris-
ing:

conducting, by the plurality of OTN signal
processing units, the OTN signal processing
asynchronously; and
subjecting, by a first OTN signal processing unit
and a second OTN signal processing unit that
conduct signal transmission among the plurality
of OTN signal processing units, the OTN signal
to skew processing on one side and deskew
processing corresponding to the skew process-
ing on another side between the first OTN signal
processing unit and the second OTN signal
processing unit or between a communicating
end-side one of the first OTN signal processing
unit and the second OTN signal processing unit
and a communicating end-side OTN signal
processing unit of an optical communication
cross-connection device of a communication
counterpart destination with respect to the opti-
cal communication cross-connection device,
and sharing a clock for the signal transmission
therebetween.
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